This paper presents the high temperature tensile and the stress rupture properties of 150,000 hours serviceexposed superheater and reheater tubes made of 2.25Cr-1 Mo steels in a 120 MW boiler of a thermal power plant. These were used to estimate the remaining life for safety. Experimentally determined yield strength and ultimate tensile strength as well as estimated 10,000 hours -100000 hours rupture strength as obtained from experimental data in the temperature range of 793 to 853 Κ exhibit a decreasing trend with increasing temperature. Microstructural study did not reveal any significant degradation in terms of creep cavities, cracks, graphitization etc. In general, analysis of tensile and stress rupture data reveal that the service exposed superheater and reheater tubes can remain in service for a length of more than ten years at the operating hoop stress level 40 MPa / 813K, provided no localised damage in the form of cracks or dents has been developed. It is recommended that a similar health check should be carried out after 50,000 hours of service exposure at 813K.
INTRODUCTION
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The present work thus incorporates determination of tensile properties in the temperature range of room temperature (298 K) to 873 K, creep rupture properties in the temperature range of 898K to 973K and microstructural study to assess the condition of the service-exposed reheater and superheater tubes for their continued service.
Material and history of the service exposed main steam pipes of the boilers:
The material specification with service condition and history of operation of the service exposed superheater and reheater tubes of the boiler are given in Table 1 .
Dimension and visual examination of the service exposed tubes:
The dimensional measurement (see Table 1 
High Temperature Materials and Processes
EXPERIMENTAL
Chemical analysis as revealed in Table 2 shows that the materials under the present investigation are The ferrite grains are dispersed with carbides.
The inner oxide scale deposition was 69.8 microns.
basically 2.25Cr-lMo steels conforming to the grades specified in Table 1 .
Optical metallographic examinations (Figs. [1] [2] [3] [4] were carried out on the service exposed tubes. The & 5b. Fig. 5c shows the variation of % EL (Elongation) with test temperature.
Accelerated stress rupture tests using constant load Temperature, Κ Life, hours Table 4 . Table 5 Table 4 Polynomial constants from regression analysis Temperature, Κ 
RESULTS AND DISCUSSION
Visual observation and metallography
Dimensional measurement revealed that there was no change in outer diameter and thickness of the service exposed reheater and superheater outlet tubes. It seems that the tubes have not undergone any appreciable deformation during actual operating conditions. Any evidence of localised damage was not observed on either external or internal surfaces. The hardness level of service exposed tubes revealed (see Table 3 
Mechanical properties
Room temperature as well as high temperature In the present investigation, long term rupture strengths were estimated with best fitted curves for third order polynomial. For different orders of the polynomial, the average sum square error (ASSE) was estimated from the following equation:
where η is the number of data points. The first order polynomial was selected for estimation of rupture strength as there was no significant change in the average sum square error for higher orders.
Since microstructural examination did not show any major degradation, it is expected that the mechanical properties will be within expected limits which is also revealed from the experimental data. The inner wall of the super heater tube, which is subjected to the highest above the minimum ASME data line. It is noteworthy that at low stress levels the stress rupture data do not merge with the minimum ASME data line, which is the common trend observed in such steels. It is also interesting to note that most of the data seemed to fall on the ASME mean data line. However, one can conclude that all the stress rupture data lie well within the scatter band of the ASME mean data line (see Fig.   6 ). Therefore, as far as creep strength is concerned there is no appreciable degradation due to service exposure. This is also consistent with the information collected from other destructive and non-destructive tests conducted on boiler components. (Fig. 6) , where most of the data lie on the mean data line for 2.25CrlMo steel.. Since there was not any appreciable change in the hardness values of such steels even due to prolonged service exposure, the stress rupture data at low stress levels did not merge with that of the ASME minimum data line (see Fig. 6 ).
Since it is not always possible to give the precise residual life in view of some uncertainties including the over extrapolation, it is also the practice to make use of the following criteria to decide the serviceability (see Table 6 . 
CONCLUSIONS
The aforesaid study leads to the following conclusions:
i) So far as the residual life at 813 Κ / 40 MPa is concerned, it is possible to obtain a minimum life of about 100,000 hours for the service exposed reheater, platen and final superheater outlet tubes provided there is no evidence of localised damage in the form of surface cracks, cavitation or dents.
ii) Analysis of tensile data revealed that there is some deterioration in yield stress (0.2 % Proof Stress), ultimate tensile strength of the service exposed reheater, platen and final superheater tubes compared to those of the virgin tube reported in literature, but these variations are within the specified limits for similar grade of steels.
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iii) The service exposed reheater, platen and final superheater outlet tubes appear to be in a reasonably good state of health. It is recommended to carry out another check for safety of the service exposed pipes in terms of residual life after expiry of 50,000 hours of service life from the view of economical and safety reasons. Also during shut down of the plant, NDT (nondestructive) tests, viz.
dimensional (thickness and diameter) measurement, hardness measurement and in situ metallography may be carried out to assess the condition of the materials for their future serviceability
